Adverse outcome pathways during zebrafish embryogenesis: a case study with paraoxon.
Using paraoxon as a reference acetylcholinesterase (AChE) inhibitor, the objective of this study was to develop an adverse outcome pathway (AOP) that provided quantitative linkages across levels of biological organization during zebrafish embryogenesis. Within normal zebrafish embryos, we first demonstrated that ache transcripts and AChE activity increased in a stage-dependent manner following segmentation. We then showed that static exposure of embryos to paraoxon (31.2-500 nM) from 5 to 96 hpf resulted in significant stage- and concentration-dependent AChE inhibition, albeit these effects were fully reversible within 48 h following transfer to clean water. However, even in the presence of significant AChE inhibition, exposure to non-teratogenic paraoxon concentrations (≤250 nM) did not adversely impact secondary motoneuron development at 96 hpf. Therefore, we investigated the potential effects of paraoxon exposure on spontaneous tail contractions at 26 hpf - an early locomotor behavior that results from innervation of primary (not secondary) motoneuron axons to target axial muscles. Based on these studies, the frequency of spontaneous tail contractions at 26 hpf - a developmental stage with minimal AChE expression and activity - was significantly higher following exposure to paraoxon concentrations as low as 31.2 nM. Overall, our data suggest that (1) normal AChE activity is not required for secondary motoneuron development and (2) spontaneous tail contractions at 26 hpf are sensitive to paraoxon exposure, an effect that may be independent of AChE inhibition. Using a well-studied reference chemical, this study highlights the potential challenges in developing quantitative AOPs to support chemical screening and prioritization strategies.